Abstract: SnO 2 nanocrystalline thin films (NCTFs) with high quality and low infrared emissivity were synthesized through a simple hydrothermal process designed by orthogonal design theory. The microstructure, morphology, photoluminescence (PL) property and the infrared emissivity (IRE) property of as-prepared products were characterized by x-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), fluorescence spectrophotometer, and infrared spectroradio meter (ISM) respectively. The results show that two emission peaks are observed in PL spectra, which can be deconvoluted by Gaussian profile fitting into four emission peaks centered at about 380, 420, 460 and 520 nm respectively. The influences of crystallinity, concentration of particles and resistivity on IRE were systematically investigated, revealing that the better crystallinity, higher particle density and better conductivity are favorable for lowering IRE.
film with high quality and low IRE whose process parameters are optimized by orthogonal design theory.
In this work, we optimize the hydrothermal process parameters in fabricating SnO 2 NCTFs by orthogonal design experiments. High quality SnO 2 NCTFs which present low IRE properties were obtained. Furthermore, photoluminescence performances are discussed detailedly.
Experimental 2.1. Preparation of SnO 2 NCTFs
SnO 2 NCTFs were prepared through a simple hydrothermal process. A tin foil with the size of 1cm×1cm was sonicated in mixed solvent (the volume ratio of acetone and carbon tetrachloride is 1) and ethanol for 30 min respectively, and then rinsed with deionized water and dried in air. 10 ml N-butylamine solution and the prepared tin foil were added together in an autoclave then the autoclave was put into a drying oven at a given temperature for a certain time. Finally, the tin foil was purged with deionized water and dried in air for further characterization.
Considering three factors (volume of N-butylamine (V N ), temperature (T), time (t)), we chose four levels for every factor to preform sixteen experiments (Sample 1-16) using a Taguchi L 16 (4  3 ) orthogonal array. The technologic parameters are listed in Table 1 , in which Is, namely the texture coefficient, is defined as the sum of the three highest peak intensity, i.e., (110), (101) and (211) derived from XRD patterns in Fig. 1 . 
Characterization techniques
The SnO 2 NCTFs were characterized by using XRD (D/Max2550VB+/PC, Rigaku, Japan), TEM (JEM-3010, JEOL, Japan), SEM (Quanta 400 FEG, FEI, Holand), PL (F-7000, Hitachi, Japan) and ISM (102F, D&P, USA) respectively, and the corresponding measured samples are measured through employing Hall system (RH 2035 Hall System, PhysTech Gmbh, Germany).
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SEM and TEM Analysis
A group of SEM images of the SnO 2 NCTFs are shown in Fig. 2 
Photoluminescence Analysis
The room temperature PL spectra of Sample 3 is shown in Fig. 4 , with the excited wavelength of 325 nm. Two emission peaks were observed in PL spectra, including an ultraviolet emission peak at 380 nm and a strong emission band at 430 nm. The peak near 380 nm is attributed to the band to acceptor peak and related to the impurity or defect concentration [11] . The reciprocity between oxygen vacancies and interfacial tin vacancies would lead to the formation of a significant number of trapped states which are responsible for various PL signals in the visible region [12] . The PL spectra has been deconvoluted following Gaussian profile fitting shown in Fig. 4 . It can be concluded that the PL spectra consists of four emission peaks centered at about 380, 420, 460 and 520 nm respectively. The UV peak P1 near 380 nm has been analyzed in the previous discussion. The peak P2 centered near 420 nm may be attributed to other defects or oxygen vacancies [13] . The P3 peak at 460 nm corresponds to the blue emission, which might be due to the radiative recombination of the electrons in the conduction band and holes in the Sn surface state band or a neutral oxygen vacancy defect [12] . Finally, the green emission peak P4 shown at 520 nm might be caused by the oxygen vacancy related to defects [14] .
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IRE analysis
The crystallinity and the average IRE in 8~12µm of the SnO 2 NCTFs are given in the Table 2 . In general, a higher Is indicates a better crystallinity. It can be seen that the IRE decreases coupled with the increase of Is apart from Sample 16, suggesting that the improvement of crystallinity will lead to the decrease of crystal lattice deficiencies and then giving rise to higher conductivity [15] . Resistivity testing results illustrated in Table 2 further conform the fact. Sample 3 possesses the greatest crystallinity and the lowest resistivity compared with Sample 8 and 10, implying the highest carrier concentration in the film. Moreover, higher carrier concentration will bring on a stronger interaction between SnO 2 NCTFs and infrared photons, causing a stronger scattering process and making an increase of infrared reflection [3] . Therefore, higher reflection and lower absorbance occur in Sample 3, leading to a lower emissivity according to Kirchhoff's law [15] . In particular, Sample 16 has the poorest crystallinity whereas presents the best IRE and conductivity. In this case, cracked films grew on Sn substrate and a part of Sn substrate is exposed in the air clearly observed in Fig. 2(d) . Thus the Sn substrate, which has inherently low emissivity and high conductivity, plays a crucial contribution in low IRE performance. Additionally, these cracked films are so thin that the infrared radiation can penetrate the thin films and the emissivity is greatly influenced by the substrate. Both of the two interpretations can clarify the relatively low emissivity of Sample 16. 5(a) ), the infrared radiation is absolutely absorbed and only little radiation is reflected, which brings about a high emissivity. When the particle concentration increases, the particles are closely attached to each other, a significant absorption decrease and reflection increase can be observed in Fig. 5(b) . Consequently, low IRE of film is presented. As shown in Fig. 2(a) -(c), SnO 2 nanoparticles contact each other tightly and distribute evenly in Sn substrate, which makes them highly reflective and in turn leads to the lower emissivity. 
Conclusion
In summary, SnO 2 NCTFs with high quality and low IRE were synthesized through a simple hydrothermal process, where technological parameters optimized by orthogonal design theory are obtained. It is found that Sample 3 prepared at 150 o C for 24h with the addition of 1.7ml N-butylamine has the best crystallinity, and relatively low IRE of 0.16. An ultraviolet emission peak at 380 nm and a strong emission band at 430 nm are observed in PL spectra, which can be deconvoluted by Gaussian profile fitting into four emission peaks centered at about 380, 420, 460 and 520 nm respectively. Compared the three typical Samples, namely Sample 3, 8 and 10, we can conclude that IRE increases with the increase of crystallinity which induces the increase of carrier concentration, so as to result in the increase of infrared reflection, i.e., the lower IRE. When SnO 2 nanocrystallines contact each other tightly, a significant infrared absorption decreases and reflection increases, which also contributes to lowering IRE. Finally, Sn substrate has an inevitable influence on low IRE performance.
